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STIMULUS  GENERALIZATION  AMD  DISCRIMINATION 
ALONG  THE  DIMENSIONS  OF  WAVELENGTH 
AND  ANGULAR  ORIENTATION 


Chapter  I 

INTRODUCTION 

/mong  the  important  variables  which  control  the  rate  of  emission  of 
an  operant  response  are  the  extern*!  stimuli  in  the  presence  of  which  the 
response  occurs  and/or  is  reinforced,     This  fact  appears  in  clear  form  in 
studies  of  stimulus  generalisation,  where  systematic  changes  in  response 
rate  occur  with  variations  in  some  property  of  the  training  stimulus  along 
some  specified  physical  dimension. 

Previous  experiments  using  pigeons  in  an  operant  situation  have  shows 
reliable  stimulus  generalisation  gradients  along  the  wavelength  dimension 
(Cuttmaa,  1956?  Guttasan  &  Kalian,  19S6)  and  have  begun  to  investigate  some 
of  the  more  complex  relationships  between  the  generalisation  gradient  and 
certain  other  variables  (Hanson,  1956;  Kalish  &  Guttmaa,  1957;  Honig,  1958; 
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X&lish  &  Gattman,  1959).    The  present  study  also  uses  pigeons  in  aa 
operaat  situation  and  is  concerned  with  the  problem  of  stimulus  generali- 
zation.   The  primary  purpose  of  this  study  -was  to  compare  response  rates 
to  stimuli  which  differ  from  the  training  stimulus  in  one  aad  ia  two 
dimensions.   J  related  purpose  was  to  attempt  a  ©naatitative  description 
©f  the  relationship  between  response  rate 3  under  these  tww  sets  of  con- 
ditions ia  order  to  be  able  to  predict  response  raie&  t©  stimuli  differing 
from  the  training  stimulus  in  two  dimensions  from  response  rates  to  stimuli 
differing  in  each  dimension  alone.   Aa  experiment  using  rats  (Fink  «k  Fattoa, 
1953)  found  that  the  amount  of  generalisation  decrement  of  a  tube -drinking 
response  was  directly  related  to  the  number  of  stimulus  components  pre  seat 
ia  training  £hai  were  changed.   A  recent  study  (White,  1958),  using  children, 
found  more  generalisation  decrement  to  stimuli  differing  frozn  the  training 
stimulus  in  two  dimensions  (hue  and  brightness!  than  to  stimuli  differing  in 
either  dimension  alone.   However,  a©  conclusions  regarding  quantitative 
relationships  between  stimulus  generalisation  aloag  ©ae  and  two  dimensions 
could  be  reached.   The  two  stimulus  dimensions  shosen  for  use  in  this  study 
were  wavelength  and  angular  orientation,  both  of  which  have  been  used  in 
previous  studies  of  stimulus  generalisation  following  single  stimulus  training 
{Guttman  &  Ealish,  295o;  Butter  &  Guttata*,  195?). 

Two  alternative  relationships  between  response  rates  to  stimuli  vary 
ing  ia  on©  and  in  two  dimensions  may  be  suggested.    The  models  describing 
such  relationships  (Fig.  1)  consist  of  generalisation  gradients  along  two 
stimulus  dimensions,  A  and  B,  set  at  right  angles  to  each  ether  and 


Fig.  1      Prediction  of  the  Discrimination  and  Multi- 
plicative Hypotheses,     A.  Ctaeralisatfoa 

Hypothesis.    B.  Geaeyalisatio®  surface  pre- 
dicted by  the  Multiplicative  Wy^ttttiewle, 
C.   Comparison  between  di&gotkis  predicted 
by  fehe  two  hypotheses  with  primary  gradient. 
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intersecting  a.  perpendicular  responM  axis.    ?**  SilDpUctty,  g0tteT*1l»ait0i 
gradients  are  diara  as  straight  tines  o£  equal  slope*    The  alternative, 
relationships  between  response  rates  to  stimuli  varying  in  erne  and  In  two 
dtPfteastOttS  are  specified  in  terns®  of  fee  surface  connecting  the  tw©  primary 
genevelisstiea  gradient*. 

One  kind  of  generalisation  surface  is  predicted  by  the  Discrimination 
Hypothesis,  which  assumes  that  S  respond©  aoaselectively  to  the  sum  total 
of  aE  stimulus  energy  impinging  o&  its  receptor s«    Likewise,  when  stimuli 
l?3  'shanfrni^  tj.t  r-tsssoase  strength  is  a  Inaction  of  She  asm  of  ail  discrimin* 
able  stimulus  changes9  expressed  in  j.a.  d.  steps*    According  to  the 
Discrimination  Bypothesis9  when  a  stimulus  is  changed  in  two  dimensions* 
the  number  of  j.  a.  d.  steps  taken  in  each  dimension  alone  are  summed.  The 
resulting  amount  off  generalisation  decrement  equals  the  sum  of  generaii- 
a&tion  deerexneais"  to  stixnnti  changed  In  each  iSaseasian  alone. 

Thus,  if 

responses  to  the  training  stimulus  e  % 
responses  to  a  stimulus  changed  along  dimension 
A  e  y 

responses  to  a  stimulus  changed  along  dimension 
B  a  s 

thes 

changed  along  dimension  A 

k  •  z  =  the  generalisation  decrement  to  a  stimulus  changed 
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along  dimension  B 

{x  •  y)  +      •      m  the  generalization  decrement 
to  a  stimulus  changed  along  dimensions  A  and  B 

consists  of  flat  plane®  connecting  the  two  primary  gradients  (Fig,  lA)« 
This  hypothesis  has  been  shown  to  predict  judgments  of  similarity  between 
molti*ditnensioiiul  stimuli  with  only  moderate  success  (Attettvt,  195®). 

A  second  hypothesis  concerning  tk®  relationship  between  response 
rates  to  stimuli  varying  ta  ©ae  and  In  two  dimensions  is  the  Multiplicative 
Hypothesis.   WMie  the  Discrimination  Hypothesis  assumes  that  S  responds 
to  the  sum  ol  all  changed  stimuli*  the  Multiplicative  Hypothesis  assumes 
that  8  actively  selects  and  observes  each  stimulus  chzmg®  independently. 
A  change  in  the  probability  of  response  occurs  only  if  5  observes  a  stimulu 
change  along  a  particular  dimension. 

Thus,  il 

the  probability  of  response  to  the  training 
stimulus  »  1 

the  probability  ol  a  response  to  a  stimulus 
changed  along  dimension  A  m  r 
the  probability  ol  response  to  a  stimulus 
changed  ateng  dtmUttSfe*  B  m  l 


■ 
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and  in  a  personal,  comrounicatioa  by  Br.  Marvin  L-evine  of  the  University 
©I  Wisconsin,     The  concept  ol  an  "observing  response"  has  been  used 
previously  in  analyzing  discrimuution  learnSng  (Wycko££v  1952),  while 
others  (Masasixtger  St  Gentry,  t93ii  Tolmaa,  1938)  have  used  the  concept 
©f  YTE  ia  a  similar  maimer. 

Both  the  Discrimination  and  the  Multiplicative  Hypotheses  predict 
lower  response  rates  to  stimuli  changed  in  two  dimensions  than  to  stimuli 
changed  in  each  dimension  alone.    The  two  hypotheses  differ,  however, 
with  respect  to  the  size  ol  the  predicted  difference  between  these  two 
response  rates.    This  is  shown  ia  B  ig.  !C,  where  the  diagonals  along  the 
two  generalisation  surfaces  are  compared  with  a  primary  generalisation 
gradient.    The  Discrimination  Kypothesi  a  predicts  a  straight  line  inter- 
secting  the  x-axis  at  a  point  above  which  the  primary  gradient  is  at  50% 
response  strength.    The  function  predicted  by  the  Multiplicative 
Hypothesis  lies  above  that  predicted  by  the  Discrimination  Hypothesis; 
it  is  curvilinear  and  intersects  the  primary  gradient  at  sser©  response 
strength.   These  two  alternative  hypotheeei concerning  the  relationships 
between  response  rates  to  stimuli  varying  in  on©  and  in  two  dimensions  are 
not  to  he  considered  as  the  only  possibilities,  but  as  relatively  simple 
alternatives  whose  psychological  significance  may  be  described. 


Chapter  E 

METHOD:  EXPERIMENTS  1  AND  Z 


These  eiEpeHmnate  if*  primarily  control  studies  whose  purpose 
was  I©  determine  whether  response  rate©  to  etiraali  changed  is  on© 
dimension  are  altered  by  the  presence  of  atimoU  varying  ia  another 
dimension.   Experiment  1  concerns  wavelength  generalisation  when  a 
marrow  bead  of  monochromatic  light  is  transmitted  to  the  key,  and 
Experiment  Z  concerns*  generalisation  along  angular  orientation  dimension, 
produced  by  rotating  the  band  of  light,  with  wavelength  constant. 

Apparatus:    The  apparatus  was  an  automatically-controlled  Skinner 
box  designed  for  key-pecking  and  similar  to  those  used  in  other  wavelength 
generalisation  studies  fGuttman  h  Kalian,  1956;  Hanson,  1956;  Honig,  1958). 
The  special  feature  of  the  present  apparatus,  however,  was  that  only  a 
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narrow  band  of  light  was  transmitted  by  the  key,  and  this  band  could  be 
rotated  about  its  center  to  provide  various  degrees  of  angular  orientation. 
The  wavelength  of  the  transmitted  light  was  controlled  fey  monochromatic 
interference  filters  placed  in  the  beam  illuminating  the  key. 

The  light  source  was  a  75  watt-  (G.  £.  BLX)  projection  lamp,  focused 
on  the  key  by  means  of  condensing  lenses.    In  frost  of  the  projection  lamp 
a  holder  was  provided  for  introducing  an  interference  filter  in  the  light  pati 
The  11  interference  filters  {Bausch  h  homb  Co.  >  used  had  a  band  width 
which  varied  between  1  and  9  Mu  at  half  height.    The  actual  peak  trans- 
mission values  of  the  filters  differed  from  the  nominal  values  as  shown 
in  Table  1  on  page  11.   in  subsequent  reference  to  the  wavelength  stimuli, 
nominal  values  will  be  used,    However,  in  graphs,  wa%7elength  values  are 
spaced  according  to  their  actual  values. 

The  details  of  the  mechanism  for  controlling  the  angular  orientation 
of  the  band  of  light  on  the  key  are  shown  in  Fig.  2.    A  circular  piece  of 
iasuroc,  set  within  the  Xucite  frame  of  the  key,  was  masked  in  such  a 
manner  that  a  strip  running  through  its  center 8  1  -inch  in  length  and 
1/16-iach  in  width,  was  exposed  to  the  light  beam.    The  Insuroc  circle 
could  be  rotated  about  its  center  by  means  of  a  pair  of  spur  gears.   A  red 
is  shown  engaging  the  smaller  spur  gear;  in  this  position,  rotation  of  the 
rod  produced  a  rotation  of  the  exposed  band  about  its  center.    The  rod 
could  be  moved  backwards  to  disengage  the  key.   The  angular  orientation 
of  the  band  of  light  on  the  key  was  set  by  means  of  a  pointer  attached  to 


Table  1 


Nominal  value  Actual  valu 


490  Mu  490. 5  Mb 

510  511 

520  521 

530  538 

540  539 

530  54S 

560  561 

57G  570 

580  586 

610  611 

la  addition  to  the  filters  mentioned,  a  W rattan  K»2  filter  (.Eastman 

Kodak  Co« )  was  placed  in  the  tight  path  along  with  all  wavelength  values 

above  550  Mp.    The  W ratten  filters  were  need  to  prevent  the  transmission 

a 

of  wavelengths  below  510  Mb  and  any  second  order  spectral  wavelengths. 


*It  will  he  noted  itt  Table  i  that  the  actual  peak  transmission  value  of  the 
530  Mb  interference  filter  was  538  Mb  (as  determined  fey  means  of  spectro- 
photomet*»  following  the  ttfjiwplitlO*  o£  all  experiment*!*    81***  ttw  actual 
peak  transmission  value  deviates  markedly  from  the  nominal  value9  it  is 
necessary  at  this  point  to  consider  whether  the  actual  peak  transmission 
value  of  this  filter  was  538  Mu  throughout  the  course  of  the  study  or  whether 
it  changed  at  some  time  during  the  study.   Ss  in  these  experiments  were  rim 
in  the  following  orders  (I)  three  Ss  in  Experiment  1,  (2)  all  Ss  in  Experi- 
ment  3,  and  (3)  the  remaining  six  Ss  in  Experiment  1  and  all  Ss  in  Experi- 
ment Z.    The  facts  to  fee  presented  point  to  the  conclusion  that  the  peak 
transmission  value  of  this  filter  changed  following  the  completion  of  Experi- 
ment 3  (reported  in  Chapter  V)  and  prior  to  the  training  and  testing  of 
six  Ss  in  Experiment  1. 

The  generalisation  gradients  obtained  from  Ss  in  Experiment  3  follow- 
ing discrimination  training  show  sizeable  generalisation  decrements  from 
540  to  530  Mb  (Figs.  9-U).    On  the  basis  of  these  generalization  decrements 
St  must  be  assumed  that  during  the  course  of  testing  Ss  in  Experiment  3,  tha 
actual  peak  transmission  values  of  the  540  and  530  Mu  filters  were  much 


Fig.  2.     Diagram  of  apparatus. 
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oue  end  of  Hie  rod  and  a  dial*   Angular  orientation  settings,  calibrated  by 
means  of  a  protractor,  were  accurate  to  one  degree.     The  front  section 
(Fig.  2)  of  the  apparatus  was  enclosed  in  a  light-proof  housing,  with 
apertures  for  the  light  beam  projected  on  the  key  and  for  the  rod  to  rotate 
the  band  of  light. 

The  magazine,  mounted  beneath  the  floor  of  the  apparatus,  was  set 
on  a  pivot  and  held  in  place  when  not  in  operation  by  a  cam.   The  magazine 
was  couuterweighted  so  that  when  the  motor  was  activated  and  the  cam 
rotated  it  was  released  and  rose  to  the  floor  o£  the  apparatus,   is  this 
position,  S  could  eat  grain  through  a  hole  in  the  floor  for  3  see. ,  after 
which  the  znagaaiae  was  returned  to  its  original  position  by  the  action  of 
the  cam.    When  the  magazine  was  open,  the  area  of  the  floor  to  which  it 
rose  was  illuminated  by  a  7  watt  lamp. 


further  apart  than  1  Mu. 

On  the  other  hand,  the  six  Sa  in  Experiment  1  run  subsequent  to 
Ss  in  Experiment  3  show  no  significant  difference  between  their  responses 
on  the  generalization  tests  to  530  and  540  lip,    Therefore,  it  was  assumed 
that  during  the  course  of  testing  these  six  Ss,  the  actual  peak  transmission 
value  of  the  530  Mu  filter  was  538  Mu.    In  analyses  of  the  data  from 
Experiment  1,  these  six  Ss*  responses  to  53S  and  540  Mu  (actual  value, 
539  Mu)  were  averaged  and  plotted  as  mean  responses  to  530.5  Mu. 

It  will  be  assumed  in  further  analyses  of  the  results  of  Experiment  3 
that  the  530  Mu  filter  had  an  actual  peak  transmission  value  in  the  region 
of  530  Mu.   It  should  be  pointed  out  that  in  addition  to  the  presumptive 
evidence  upon  which  this  assumption  is  based,  this  peak  transmission 
value  is  subject  to  an  error  of  ±  4  Hp,  according  to  the  manufacturer. 
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In  addition  to  the  projection  lamp  and  rcagazine  light,  a  ?  watt  lamp 
was  mounted  in  the  ceiling  of  the  apparatus.    Masking  of  relay  clicks  was 
provided  by  white  noise  from  a  speaker  mounted  in  the  ceiling  ox  the 
apparatus.    The  sound  source  was  a  Graaon-Stadler  White  Noise 
Generator^  Model  901. 

Subjects;    The  Ss  were  18  experimentally  naive  White  Carneau  pigeon* 
obtained  irons  the  Palmetto  Pigeon  Plant*  Sumter,  South  Carolina.  They 
were  housed  in  individual  cages  where  they  had  tap  water  available  at  all 
times. 

Upon  arrival  at  the  laboratory,  Ss  were  randomly  divided  into  two 
groups,  Group  C  and  Group  T. 

Ss  were  run  in  three  squads:  three  Ss  were  in  the  first  squad, 
seven  Ss  were  in  the  second  squad,  and  eight  Ss  were  in  the  third  squad. 

Procedure:   Upon  arrival  at  the  laboratory,  Ss  were  fed  pigeon  grate 
ad  libitum  for  several  days.   Ss  were  then  starved  to  75%  of  their  normal 
body  weight  (determined  on  the  last  day  of  ad  libitum  feeding)  and  main* 
tained  at  this  weight  level  throughout  the  experiment. 

Magazine  training:  On  the  first  day  of  training,  S  was  allowed  to  eat 
from  the  open  magazine  for  three  minutes.    Any  S  which  did  not  eat  within 
50  min.  after  being  introduced  into  the  apparatus  was  returned  to  the  home 
cage  and  trained  the  next  day.   On  the  day  following  three  minutes  of 
feeding  in  the  apparatus,  S  was  trained  to  approach  and  eat  from  the 
magazine  when  it  was  opened.   S  was  introduced  into  the  apparatus,  the 
magazine  was  opened,  and  S  was  allowed  to  eat  for  ten  sec.    On  successive 
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trials,  the  time  the  magaaine  remained  opened  was  gradually  shortened 
until  S  ate  immediately  upon  presentation  of  the  food.   Immediate  approach 
to  the  opening  ©I  the  magazine  was  accomplished  in  10-20  trials.  During 
both  stages  ol  magaclas  training  the  overhead  light  in  the  apparatus  was 
on.   The  key  was  not  illuminated  during  magaaine  training. 

Key-peck  trainings    On  the  day  following  the  completion  of  magazine 
key-pecking  was  conditioned  by  the  method  of  "successive 

"  and  §6  continuously  reinforced  key-pecks  were  permitted. 
The  overhead  light  in  the  apparatus  was  on. 

On  the  second  day  ©i  key -peck  training,  5s  were  allowed  SO  continuous 
the  overhead  light  was  reduced  fey  putting  a  niece  of 
the  lamp.   For  all  Ss  the  key  was  illuminated  by  mono- 
light  of  SBQ  Ms  and  the  band  of  light  on  the  key  was  in  vertical 
(90°). 

V  I  trainings    On  the  day  following  the  completion  of  key-peck 
Ss  began  training  on  a  variable  interval  <V  I)  reinforcement 
with  a  mean  interval  of  one  minute.    Training  sessions  consisted 
of  thirty  SS-sec.  light-on  periods,  during  which  the  key  was  illuminated, 
IS -sec.  light-off  periods.    V  1  training  was  administered 
15  consecutive  days.   During  this  time  the  hand  of  light  on  the  key 
at  mo  Mb  and  90°.    The  overhead  light  was  not  on  during  this 
of  the  experiment. 

On  the  day  following  the  completion  of  V  I 
for  stimulus  generalisation.   Ss  which  had  not 
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attained  the  rate  of  one  thousand  responses  over  each  of  the  last  three  day® 
of  V  I  training  were  given  further  training  until  this  criterion  was  met. 
Four  additional  days  of  training  were  given  to  T-5;  C-4  and  T-7  each 
received  one  additional  day  of  training. 

Immediately  before  generalization  testing,  Ss  were  presented  with 
the  training  stimulus  (550  Mu-90°)  for  six  30-sec.  periods,  alternating 
with  15-sec.  dark  periods*   During  this  "warraup  period, **  key-pecking 
was  reinforced  once  during  the  first,  third  and  sixth  stimulus  periods* 

Ss  in  Group  C  were  tested  lor  generalisation  along  the  wavelength 
dimension.   The  stimuli  consisted  ©£  U  values  of  wavelength:  the  training 
stimulus,  550  Mu,  and  five  wavelengths  above  and  below  this  value.  The 
wavelength  values  were  IS  Mu  apart,  except  Cor  490  and  610  Mp.  Each 
stimulus  was  presented  12  times  in  random  sequence.   Each  stimulus 
presentation  lasted  for  30-sec.  and  was  followed  by  a  15-sec,  dark  period. 

On  the  following  day,  generalisation  tests  were  again  administered 
to  all  3s.   The  procedure  was  the  same  as  on  the  first  day  of  generalization 
testing,  except  that  each  of  the  11  wavelength  values  was  presented  eight 
times.   During  both  days  of  generalisation  testing,  the  angular  orientation 
of  the  band  of  light  en  the  key  was  held  constant  at  90°. 

Ss  in  Group  T  were  tested  for  stimulus  generalisation  along  the 
dimension  of  angular  orientation  of  the  band  of  light.   During  testing,  Ss 
were  presented  with  11  values  of  angular  orientation:   the  training  stimulus, 
99°,  and  five  values  of  angular  orientation,  15°  apart,  above  and  below 


this  value.   On  the  following  day,  Ss  were  gives  a  second  generalisation 
test.    Except  for  the  stimulus  values  used  in  testing,  the  procedure  on 
both  days  was  identical  to  that  employed  with  Group  €.     The  wave* 
length  of  the  band  of  light  was  held  constant  at  550  Mu  throughout  testing. 


;'.:&apter  III 

wmm&m  experiments  i  amd  2 


Experiment  1,  Wavelength  generalisation:    fife*  raeaa  total  responses 
of  six  Ss  in  Group  C  to  the  II  wavelength  stimuli  presented  on  the  first  and 
second  day  of  testing  are  shown  in  Fig,  3.    Of  the  nine  Ss  run  in  Group  G» 
the  six  Ss  whose  responses  are  averaged  in  these  gradients  are  those  run 
subsequent  to  Ss  in  Group  TC  and  presumptively  presented  with  5 33  Mu  in 
generalisation  testing.    Total  responses  of  the  six  Ss  to  538  aisd  540  Mb 
(actual  value,  539  Mn)  were  averaged  and  plotted  in  Fig.  3  as  mean  total 
responses  to  538. 3  M». 

Response  rates  obtained  on  the  first  day  of  testing  are  inversely 
related  to  distance  in  wavelength  from  the  training  stimulus,  550  Mu. 
The  averaged  generalisation  gradient  is  noticeably  asymmetrical;  response 
rates  to  wavelengths  above  35C  Mu  are  greater  than  response  rates  to 
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Fig.  3.     Wavelength  gradients  cm  test  tmd  retest 
for  Experimeet  1. 
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wavelengths  below  this  value,  except  at  610  Mu,  where  response  rates 
are  lower  than  to  490  Mu. 

The  averaged  generalisation  gradient  obtained  on  the  second  day  of 
testing  is  similar  in  form  to  the  one  obtained  on  the  first  day.  Response 
rates  on  the  second  day  are  inversely  related  to  distance  in  wavelength 
from  55 G  Mu,  and  response  rates  to  wavelengths  above  550  Mp  are 
greater  than  response  rates  to  wavelengths  below  this  value*  except  at 
610  Mu,  where  response  rates  are  slightly  less  than  those  to  490  Mu. 

Examination  of  the  response  rates  of  individual  Ss  on  both  days  of 
testing  discloses,  on  the  whole,  the  sarne  asymmetries  found  in  averaged 
generalised  response  rates.  *     Response  rates  of  eight  of  the  nine  Ss  to 
560  and        Mu  are  greater  than  their  response  rates  to  540  and  51 Q  Mp, 
respectively.   Response  rates  of  all  nine  Ss  to  580  Mu  are  greater  than 
their  response  rates  to  520  Mu.    These  findings  are  all  the  more  striking 
when  it  is  considered  that  the  actual  values  of  the  560,  580  and  590  Mfx 
filters  are  further  from  the  training  stimulus  than  are  the  actual  values 
of  the  54a,  520  and  510  Mu  filters,  respectively  (see  Table  1,  page  11). 
Response  rates  of  six  of  the  nine  Ss  to  49G  Mu  are  greater  than  their 
response  rates  to  610  Mu*    This  finding  is  in  accordance  with  the  fact  that 
the  actual  value  of  the  61 0  Mu  filter  is  further  from  the  training  stimulus 


The  responses  of  all  nine  Ss  in  Group  C  were  examined.  Responses 
to  530  Mu  were  not  considered  because  of  the  change  in  the  peak  trans* 
mission  value  of  this  filter. 
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i-nan  is  zae  actual  value  c:"  Dae  4fi  Up  filter  (m  Efcfcli  I,  ptgi  Tin*, 
the  pattern  of  the  individual  scores  lends  support  to  the  conclusion  that 
the  asymmetries  described  above  represent  true  differences  in  the  pattern 

Response  rates  of  the  same  six  Ss  to  the  11  wavelength  stimuli 
presented  on  the  first  and  second  day  of  testing  are  summed  and  averaged 
in  the  generalisation  gradient  shown  in  Fig.  4.    In  the  same  figure,  a 
generalisation  gradient  obtained  under  comparable  conditions  but  with  the 
full  key  illuminated  with  monochromatic  light  during  training  to  550  Mu 
and  testing  (Honig,  Thomas  h  King,  in  press)  is  shown.    This  generalisation 
gradient  consists  of  mean  total  responses  of  11  Ss  to  24  exposures  to  each 
wavelength  stimulus  presented  on  two  days  of  testing.    Stimulus  values 
plotted  along  the  abcissa  are  the  actual  values  employed  in  the  Honig, 
Thomas  &  King  study,  while  the  actual  values  employed  in  the  present 
study  are  used  to  plot  Croup  C's  gradient.    The  small  differences  between 
stimulus  values  employed  in  the  present  study  and  that  of  Honig,  Thomas 
fk  King  preclude  statistical  comparisons  between  the  response  rates 
obtained  in  the  two  experiments.   However,  from  inspection,  it  is  clear 
that  the  gradient  obtained  in  the  present  study  is  broader  throughout  its  range 
than  the  one  obtained  with  the  full  key  illuminated,  especially  in  the  region 
of  wavelength  values  distant  from  350  Mb.   At  490  Mu,  mean  response  rates 
in  the  present  study  comprise  approximately  30%  of  response  rates  to  550  Mu, 
whereas  approximately  6%  of  mean  response  rates  to  550  Mu  are  shown  at 
490  Mu  by  Ss  in  the  Honig,  Thomas  U  King  study.    Although  the  slope 


Fig.  4.      Wavelength  gradient  for  Experiment  |  apt 
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between  590  and  61 0  My.  in  the  present  study  is  steeper  than  that  found  in 
the  study  a  sing  the  fully  illuminated  key*  mean  response  rates  of  Sa  in 
Group  C  to  610  Mu  are  approximately  19%  of  response  rates  to  550  Mu, 
whereas  approximately  9%  of  response  rates  to  550  Mu  are  given  to  610  Mu 
by  Ss  in  the  latter  study. 

Experiment  2,  Angular  orientation  generalisation;    The  mean 
total  responses  of  Ss  in  Group  X  to  the  1 1  values  of  angular  orientation 
presented  on  the  xirsfc  and  second  day  of  testing  are  shown  in  Fig.  5. 
(Representations  of  the  actual  stimuli  are  shown  below  each  stimulus  value 
on  the  ordinate. }    Mean  response  rates  obtained  on  the  first  day  &S  testing 
are  inversely  related  to  distance  in  degrees  from  the  training  stimulus* 

ana  the  generalisation  gradient  plotted  in  I  ig.  5  femi  slightly  bov..- 
shape  functions,  especially  the  one  above  r;-c.     the  same  generalisation 
gradient  contains  several  asymmetries;  the  most  obvious  one  consists  of 
the  greater  number  of  mean  response  rates  to  103°  than  to  75°.  Less 
striking  but  still  noticeable  are  the  higher  number  of  mean  response  rates 
to  120°,  150°, 

and  165°  than  to  equidistant  stimulus  values  below  90  . 
In  addition,  mean  response  rates  to  45°  are  higher  than  mean  response 
rates  to  135°. 

Mean  total  responses  obtained  on  the  second  day  of  testing  are 
also  inversely  related  to  distance  in  degrees  from  90°,  except  for  the 
inversion  at  105°,  where  the  peak  of  responding  is  located.     Mean  response 
rates  on  the  second  day  of  testing  to  other  values  of  angular  orientation 
above  90°  are  not  strikingly  different  from  mean  response  rates  to 
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equidistant  stimulus  values  below  99  » 

Response  rale®  of  individual  Ss  on  both  days  of  testing  were 
e&amiaed  in  order  to  determine  whether  the  asymmetries  described 
above  represent  true  differences  in  responding.    Response  rates  of 
seven  of  the  nine  Ss  to  105°  and  120°  are  feigner  than  their  response 
rates  to  75°  and  60°t  respectively.   However,  comparison  of  individual 
Ss«  response  rates  to  other  stimuli  equidistant  from  90°  disclosed  con- 
sistent differences  in  response  rates  in,  at  best,  only  five  of  the  nine 
Ss'  scores.     Thus,  the  pattern  of  the  individual  scores  supports  the 
conclusion  that  mean  response  rates  to  105°  and  120°  are  significantly 
higher  than  mean  response  rates  to  75°  and  60°  respectively,  but  that 
the  asymmetries  involving  other  angular  orientation  stimuli  d©  not  repre- 
sent true  differences  in  responding. 


Chapter  IV 

METHOD:  EXPERIMENT  3 

Apparatus:    The  apparatus  was  the  same  as  that  used  in 
Experiments  I  and  2. 

£ufejects:    S*  were  2?  experimentally  naive  White  Carneau 
pigeons,  obtained  from  the  Palmetto  Pigeon  Plant,  Sumter,  South  Carolina. 
Prior  to  the  experiment  they  were  treated  in  the  same  manner  as  Ss  in 
Experiment©  I  and  2.    Two  Ss,  TG-121  and  TC-128,  were  discarded  be- 
cause of  failure  to  train.    Ss  were  run  in  live  squads;  five  Ss  were  run  in 
four  squads  and  seven  in  the  fifth  squad. 

Procedure:     Weight  reduction  and  magazine  training  were  ac- 
complished in  the  same  manner  as  in  Experiments  1  and  2.  Likewise, 
key- peck  training  and  V  I  training  were  administered  as  in  previous  experi- 
ments; the  training  stimulus  was  maintained  at  550  Mu-90°  throughout 
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key- peek  and  V  1  training.   One  S,  TO- 141,  was  given  one  further  day  of 
training  in  order  to  meet  the  V  I  training  criterion  of  at  least  1000 
responses  on  each  of  three  consecutive  days. 

Generalisation  testing:    On  the  day  following  the  completion  of 
V  I  training,  all  Ss  were  administered  generalisation  tests.  Immediately 
prior  to  generalisation  testing  a  "war map  period"  was  administered  to 
all  Ss  in  the  same  manner  as  in  Experiments  1  and  2.   The  25  stimuli 
which  were  presented  in  generalisation  testing  were  composed  of  all 
combinations  of  five  values  of  wavelength,  530,  540,  550,  56S,  and  5?€  Mji, 
with  five  values  of  angular  orientation,  30°,  ©0°,  90°,  120°  and  150°. 
Each  stimulus  combination  was  presented  once  in  each  of  six  series 
according  to  the  following  design.    The  first  series,  in  which  stimuli  were 
presented  in  a  randomised  order,  was  divided  into  five  blocks  of  four 
stimuli  and  one  block  of  five  stimuli.    The  six  series  of  blocks  lorried  a 
Latin  Square  design  in  which  each  block  occupied  each  of  the  six  positions 
over  all  series. 


Table  Z 


Position  of  stimulus  blocks  on  first  day 
of  generalisation  testing  (Exp,  3) 
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On  the  following  day,  all  Si  received  a  second  generalization  test 
in  which  the  last  three  series  of  stimuli  used  oa  the  first  day  of  generali- 
zation testing  were  presented  in  a  backward  order. 

Discrimination  trailing:  The  purpose  of  this  part  of  Experiment  3 
was  to  describe  discrimination  learning  involving  stimuli  differing  in  one 
and  in  two  dimensions.    Following  the  completion  of  generalization  testing, 
the  27  Ss  were  divided  into  three  groups  of  nine  each:  Group  TC-C,  TC-I 
and  TC-TC.   Assignment  of  3s  to  groups  was  made  so  as  to  equalize 
average  response  rates  over  the  last  three  days  of  V  I  training  for  each 
of  the  three  groups.       Group  TC*C  received  discrimination  training  along 
the  wavelength  dimension  (550  Mp- positive;  560  Mu-negative)  with  angular 
orientation  held  constant  at  90°.    Group  TC-T  received  discrimination 
training  along  the  angular  orientation  dimension  (90°  •  positives  120°  • 
negative)  with  wavelength  held  constant  at  5 SO  Mu.   Group  TC-TC  received 
discrimination  training  along  both  the  dimensions  of  wavelength  and 
angular  orientation  (550  positive;  560  Mu-120°,  negative). 

Immediately  prior  to  the  first  discrimination  training  session,  all 
Ss  were  permitted  ten  continuously  reinforced  key-pecks  in  the  presence 
of  the  pre-generaiization  training  stimulus.   Ss  in  all  three  groups 
received  daily  discrimination  training  sessions  consisting  of  IS  presentations 
of  the  positive  and  negative  stimuli  in  a  randomized  sequence.  Key-pecking 


The  hypothesis  that  average  response  rates  were  the  same  for  all 
three  groups  could  not  be  rejected  by  the  results  of  Mann- Whitney  U 
-  » 
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in  the  presence  of  the  positive  stimulus  was  reinforced  on  the  same  V  I 
schedule  used  in  prior  V  I  training,  while  pecking  in  the  presence  oi  the 
negative  stimulus  was  never  reinforced.   Daily  discrimination  training 
sessions  were  continued  until  the  criterion  of  complete  suppression  of 
responding  to  ten  consecutive  presentations  of  the  negative  stimulus  and 
roaintaiaance  of  at  least  ten  responses  to  each  of  tea  consecutive 
presentations  of  the  positive  stimulus  was  met. 

This  criterion  was  not  met  by  two  Ss,  one  in  Group  TC-C  (T0126) 
and  one  in  Croup  XC-T  (T€*123).    Discrimination  training  for  both  Ss 
was  ended  after  30  days* 

Post-discrimination  generalization  testing:  A  further  problem  to 
which  this  study  ie  directed  is  &  determination  of  changes  in  the  form 
ox  stimulus  generalization  along  one  and  two  dimensions  following 
discrimination  training.   On  the  day  following  the  completion  of  discrimin* 
ation  training,  all  Ss  were  administered  generalization  tests  in  which 
the  same  25  stimuli  administered  in  pre-ois crimination  generalization 
tests  were  presented  in  the  same  latin  Square  design.   No  "warmup 
period"  was  presented  prior  to  generalization  testing.   On  the  following 
day,  a  second  generalization  test  was  administered  in  the  same  manner 
as  in  pre-discrimination  generalisation  testing. 
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Chapter  V 

RESULTS:  EXPERIMENT  3 


Stimulus  generalization  along  the  wavelength  and  angular  orientation 
dimensions  ieitoma^  training  at  S50  Mu-90°:    (.Tables  5  and  6S  Appendix) 
.For  ease  of  inspection,  the  results  of  this  part  of  Experiment  3  are 
presented  as  generalisation  gradients  along  each  stimulus  dimension  for 
different  values  of  the  second  dimension.     Mean  total  responses  of  Ss  in 
Group  TG  to  the  25  stimuli  presented  on  the  first  clay  of  generalisation 
testing  are  plotted  as  a  function  ©£  wavelength  with  angular  orientation 
as  a  parameter  in  Fig.  6 A.    The  averaged  wavelength  generalisation 
gradients  are  all  asymmetrical  in  the  same  direction  as  wavelength 
gradients  obtained  in  Experiment  1  {I  ig.  3).    Mean  response  rates  to 
560  and  570  M»  are  higher  than  mean  response  rates  to  540  and  530  Mu. 
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Fig.  6.      Gradients  for  Experiment  3  (G*w»p  TC)  on 

8r«t  day  of  ieatfaig,     A.  Wavelength  gradients 

at  different  amgaiar  orietataiioa  valtses. 

B.  Aognlar  oriefttatiftn  gradients  at  different 


All  generalisation  gradients  star  decrements  from  55C  to  540  Mb  and 
little  or  a©  decrement  from  540  to  530  Mja.   Generalization  decrements 
to  wavelengths  above  550  Mu  are  all  quite  small.  Furthermore, 
gradients  at  30°  and  ISO0  are  flatter  than  those  at  levels  of  angular 
orientation  closer  to  90°.     Averaged  wavelength  geaeralinatlon  gradients 
obtained  on  the  second  day  ©C  testing  (Fig.  7  A)  are  similar  to  those 
obtained  on  the  first  day.   Generalization  decrement  to  wavelengths  above 
550  Mu  is  smaller  than  to  wavelengths  below  550  Mu,  except  at  30°  and 
150°,  where  generalisation  gradients  are  essentially  flat.   It  is  also  noted 
that  wavelength  gradients  at  60°  and  120°  are  in  general  flatter  than  the 
gradient  at  ff% 

Mean  total  response©  of  the  Same  Ss  on  the  first  day  of  testing  are 
plotted  as  a  function  ©I  angular  orientation  with  wavelength  as  a  parameter 
in  Fig..  6B„   It  is  seem,  first  of  all,  that  over  the  range  ©£  angular 
orientation  values  at  which  generalisation  was  tested,  there  is  proportions 
more  generalisation  decrement  than  is  found  over  the  range  of  wavelength 
values  shown  in  Fig.  6  A.   Mean  total  responses  obtained  on  the  first  day  o 
testing  are  inversely  related  to  distance  in  degrees  from  the  angular 
orientation  training  stimulus,  90°.     The  angular  orientation  gradients  eho 
no  consistent  asymmetries,  but  differences  in  form  are  noticeable; 
gradients  at  530  and  540  Mu  are  flatter  from  30°  to  60°  and  from  120° 
to  150°  than  are  gradients  at  other  wavelength  values. 

Averaged  angular  orientation  gradients  obtained  on  the  second  day  of 


fig.  1.        Gradients  for  Experiment  3  {Group  TC)  m 

second  day  of  testing.   A.  Wavelet  gradients 
at  different  angular  orientation  values. 
B.  Angular  orientation  gradients  at  different 
wavelength  values. 
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testing  (Fig*  7B)  are  not  markedly  different  from  those  obtained  on  the 
first  day  el  testing.   Mean  total  responses  obtained  on  the  second  day  of 
testing  are  inversely  related  to  distance  in  degrees  from  90°,  and  no 
consistent  asymmetries  appear  In  the  set  of  gradients.   .Again,  angular 
orientation  gradients  at  S40  and  530  Mu  are  Hatter  from  30°  to  60°  and 
from  120°  to  150°  than  gradients  at  other  tvavelength  values. 

The  results  of  this  part  ©£  Experiment  3  may  be  analysed  in  order 
to  determine  whether  there  is  any  consistent  difference  between  mean 
response  rates  to  the  16  stimuli  varying  in  two  dissensions  and  mean 
response  rates  to  each  of  the  two  stimuli  varying  to  the  same  ©stent  in 
only  one  dimension.   For  example,  response  rates  to  530  Mu»30e  may 
be  compared  with  response  rates  to  530  Mu»90°  and  with  response  rates 
to  550  Mu-30°.     Total  responses  of  individual  Ss  on  both  days  of  testing 
were  transformed  into  logs  is  order  to  normalise  response  distributions, 
and  differences  between  mean  log  response  rates  to  stimuli  varying  in 
one  and  in  two  dimensions  with  respect  to  the  training  stimulus  were 
analysed  by  means  of  the  t  test  far  correlated  scores  (Walker  h  Lev, 
1953)  in  Table  ?  {Appendix),    in  29  cases,  mean  log  response  rates  to 
stimuli  varying  in  two  dimensions  were  significantly  lower  (p  <  .  05}  than 
mean  log  response  rates  to  stimuli  varying  only  in  one  dimension.   In  the 
remaining  three  cases,  this  difference  approached  significance  (.  1  >  p  7.  05), 
Thus,  mean  log  response  rates  to  stimuli  differing  from  the  training 
stimulus  in  two  dimensions  are  consistently  lower  than  mean  log  response 
rates  to  stimuli  differing  from  the  training  stimulus  in  each  dimension  alone. 
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The  generalisation  data  may  be  further  analysed  from  the  viewpoint 

of  describing  the  quantitative  relationship  between  response  rates  to 

stimuli  differing  from  the  training  stimulus  in  one  and  in  two  dimensions. 

Mean  response  rates  to  the  16  stimuli  differing  in  two  dimensions  from 

the  training  stimulus  are  compared  with  mean  response  rates  to  these 

same  stimuli  predicted  by  thm  Discrimination  and  Multiplicative  Hypotheses 
a 

in  Table  8  (Appendix).      The  standard  error  of  the  estimate  was  used  to 

set 

describe  the  accuracy  of  descriptions.        The  overall  standard  error  for 
the  Discrimination  Hypothesis  is  17.  3,  while  the  overall  standard  error 
for  the  Multiplicative  Hypothesis  is  9. 4.    In  regard  to  the  direction  of 
prediction  errors,  13  of  the  16  predictions  of  the  Discrimination  Hypothesis 
are  lower  than  mean  obtained  response  rates,  while  11  of  the  16  predictions 
of  the  Multiplicative  ttypaHHSll  are  greater  Omm  m*m  efctaittsd  reepsas* 

The  mean  response  rates  to  be  predicted  may  he  divided  into  two 
groups:  eight  low  response  rates  (response  rates  to  stimuli  including 
30°  and        )  and  eight  high  response  rates  (response  rates  to  stimuli 
including  60°  and        ).    For  the  eight  low  response  rates,  the  standard 
error  for  the  Discrimination  Hypothesis  is  IS.  3,  while  the  standard  error 
for  the  Multiplicative  Hypothesis  is  2.  ?.     The  Discrimination  Hypothesis 


Both  sets  of  predictions  were  computed  according  to  the  formulas 
described  in  Chapt.  I  on  the  basis  of  mean  responses  of  the  21  Ss  on  both 
days  of  generalisation  testing. 

response  rates. 
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uaderpr  edicts  all  eight  mean  response  rates,  and  the  Multiplicative 
Hypothesis  uaderpr  edict  3  £en?  of  these  eig'ii  mean  response  rates, 

For  the  eight  high  response  rate®,  the  standard  error  for  the  Dis- 
crimination Hypothesis  is  10*7,  while  that  for  the  Multiplicative  Hypothesis 
is  9.  0.    Thus,  the  major  source  of  difference  between  prediction  accuracy 
of  the  Discrimination  and  Multiplicative  Hypotheses  is  attributed  to  pre- 
dictions of  low  response  rates. 

T  he  effect  pm  stomto  »^rali^tten  along  one  din  fgg£§fcg  of  vari- 
ationa  In  a  second  dimension;    in  this  section,  the  results  of  Experiments 
1  and  3  are  compared  in  order  to  deter m me  whether  stimulus  generali- 
sation along  the  wavelength  dimension  is  changed  by  the  presence  of 
variations  In  angular  orientation.   Mean  total  responses  of  Ss  in  Group  TC 
to  540,  560  and  570  Hp  lingular  orientation  *  90°)  and  mean  total 
responses  of  Ss  in  Group  C  to  the  same  stimuli  are  shows  in  Table  9 
(Appendix)*.     Responses  of  Ss  in  Group  TC  were  raised  by  a  constant 
amount  in  order  to  match  their  mean  peak  of  responding  at  550  J^b*9£°  to 
that  of  Ss  In  Group  €•  Hone  of  the  differences  between  mean  response 
rates  of  the  two  groups  to  any  of  the  three  wavelength  stimuli  are 
significantly  different  by  the  t_  test  (in  all  cases,  p  ? . 

By  comparing  the  results  of  Experiment*  Z  and  3,  it  may  be 
determined  whether  stimulus  generalisation  along  the  angular  orientation 


Because  it  is  assumed  that  the  peak  transmission  value  of  the  530  Mn 
interference  filter  changed  before  six  Ss  in  Group  TC  were  run,  no  com- 
parison of  responses  of  Ss  in  the  two  groups  to  the  wavelength  produced 
by  this  niter  can  be  made. 
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dimension  is  changed  whan  stimuli  are  also  varying  along  the  wavelength 
dimension.   Mean  total  responses  of  Sc  in  Group  TC  to  30°,  6oc  120  , 
and  ISO®  (Mb  a  §50}  and  mean  total  responses  of  Ss  in  Group  T  to  the  same 
stimuli  are  shewn  In  Table  10  (Appends^).    Responses  of  Ss  in  Group  TC 
were  raised  fey  a  constant  amount  to  match  their  mean  peak  of  responding 
at  $50  Mu-f  §®  to  that  of  Ss  in  Group  X.  Differences  between  mean  re* 
s pons©  rates  of  the  two  groups  to  60°  and  IZQ®  are  mot  significantly 
different  as  determined  by  £  tests  (in  both  eases,  p  >.?$)•  However, 
mean  response  rates  of  Se  in  Group  TC  to  30°  and  150°  are  significantly 
greater  than  mean  response  rates  of  Ss  in  Group  T  to  these  same  stimuli 
(in  both  cases,  p  <  .  OS),     Thus,  while  StHmitttS  generalization  to  the 
three  wavelength  stimuli  is  not  changed  by  the  presence  of  variations  in 
angular  orientation,  generalized  response  rates  to  two  angular  orientation 
stimuli  are  greater  when  wavelength  stimuli  are  concomitantly  varied. 

IHenrt niinatten  i  training:    The  number  of  days  taken  by  the  three 
discrimination  groups  to  attain  the  discrimination  learning  criterion 
following  generalisation  testing  are  shown  in  Table  1 1  (Appendix).  The 
mean  number  of  days  for  the  V^avele&gth  Discrimination  Group  (Group  TOQ 
wns  14.7,  for  the  Angular  Orientation  Group  (Group  TOT),  17.  3,  and  for 
the  Wavelength- Angular  Orientation  group  (Croup  rOTC),  The 
distributions  of  days  to  discrimination  criterion  for  each  of  the  three  groups 
were  compared  by  the  Mann* Whitney  U  teat  (Seigel,  1956)  in  Table  11. 
Days  to  discrimination  criterion  for  Group  TG-7C  were  significantly  less 
than  those  for  Group  TOT  (.  02  >  p  >  .  005)  and  less  than  those  for 
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Croup  TOC,  the  difference  in  the  latter  case  approaching  signifieaace 
(.1  >  p  >  •  05).  Days  to  discrimination  criterion  for  Groups  TC-C  and 
TC»T  were  sot  significantly  different  (p>  .  1), 

The  coarse  of  discrimination  learmi&g  for  the  three  group  a  is. 
shown  in  Fig.  8„     The  three  carves  are  composed  of  sr^ean  proportions 
of  daily  total  responses  ©f  Ss  in  each  group  to  the  S~"»    Two  $e,  oae  la 
Group  TC-C  (TG~C->12$)»  and  one  la  Group  TC-T  {TC-T-123}  failed  fcc- 
meet  the  discrimination  learning  criterion  after  30  days  of  training  and 
were  left  oat  of  this  analysis. 

Differences  between  the  three  groups  mean  proportions  of  responses 
to  the  S"" appear  on  the  first  day  of  discrimination  training.   The  mean 
proportion  of  responses  to  the  wavelength  (MCM|  3~~  <5fe0  Mu-90°)  is  .  414, 
to  the  angular  orientation  ("T")  S~~  (550  Mn-12©8),  .  257,  and  to  the  wave- 
length angular  orientation  PTC")  S~  (540  3^.120°},  .  215. 

Whereas  the  proportion  of  responses  to  the  TC  £~~  starts  to  decline 
immediately,  the  proportion  of  response*  to  the  C  S~~  remains  at  approxi- 
mately the  same  level  for  the  first  three  days  of  discrimination  training 
before  declining,  and  the  proportion  of  responses  to  the  TC  S"  rises  on 
the  second  day  before  declining. 

On  the  first  12  days  of  discrimination  training,  the  proportion  of 
response*  to  Ml  C       falls  M9I  IWpi^f  Ullli  #9  proportions  of  response* 
to  the  T  or  to  the  TC  S~*&.    While  the  carve  for  Group  TC  falls  to  aero 
on  the  15th  day  of  training,  the  curve  for  Group  T  levels  off  around  •  1 
from  the  13th  to  the  20th  day,  and  the  curve  far  Group  C  continues  to  fall 


Fig.  S.      Proportions  of  total  remptmsm  to  S~  in 

ditcrimiaaiiaa  traiaiag  lor  Groapa  TC-C 
TC-T  aad  TC-TC. 
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until  the  It Oth  day,  whea  it  rises  sharply  to  *  23?  sad  then  drops  again. 
Similarly*  on  the  21st  day,  the  carve  for  Group  T  rises  sharply  to  .  143 
and  then  drops  again.   The  carves  for  Group  C  contains  responses  of  only 

of 

one  S  following  the  19th  day  of  discrimination  training,  and  thstproup  T 
also  contains  the  responses  of  only  one  3  following  the  20th  day  of 
training.   Thus,  the  rises  In  proportions  of  responses  to  S~  described 
above  can  be  attributed  to  chance  fluctuations. 

Generalization  following  wavelength  discrimination;   {Tables  IZ  and 
1 3,  Appendix)    Mean  total  T^»p«m»mB  of  nine  Ss,  summed  over  both 
generalisation  tests  following  wavelength  discrimination,  are  shown  in 
Fig.  %    Wavelength  generalisation  gradients  at  different  values  of  angular 
orientation  (Fig.  9 A)  alt  Show  suppression  of  responding  to  560  Ma,  the  &~ 
in  discrimination  training,  and  570  M»»  In  comparison  with  wavelength 
generalisation  gradients  obtained  before  discrimination  training*  (Fig.  6 
and  7),  these  gradients  are  much  steeper  between  560  and  570  Mb.  Peaks 
of  responding  are  at  540  Mb,  except  for  the  gradient  at  150°,  which  peaks 
at  550  Mb.   m  addition,  gradients  which  have  peaks  at  540  Ma  are  asym- 
metrical; responses  to  530  Mu  are  greater  than  responses  to  550  Mb.  It 
is  also  noted  that  gradients  at  30®  and  150°  are  Hatter  than  these  at  levels 
of  angular  orientation  closer  to  90°. 

In  Fig.  9B,  mean  total  responses  on  both  days  of  generalization 
testing  are  plotted  as  a  function  of  angular  orientation,  with  wavelength 
as  a  parameter.   Response  rates  to  560  aad  570  Mb  are  markedly 
suppressed,  and  gradients  are  found  only  at  550,  540  and  530  Mb.  The 


Fig.  %      Gradiejsfcs  obtained  following  wavalettgtfl 


discrimination  (Group  TOCJ.  A.  Wave« 
length  gradients  at  different  angular 
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3  J  zlv^IuZ?  ^rieatgtt9M  gwiiwti  peas  at  v';%  and  s  i., 
are  invars  sly  related  to  distance  in  degrees  from  v$°. 

Generalisation  following  ang-ai&r  orientation  discrimination: 
(Tables  IS  and  1 6,  Appendix)    Mean  total  responses  of  nine  3s  summed 
over  both  days  of  generalisation  testing  following  angular  orientation 
discrimination  training  are  shown  in  Fig.  10.   Averaged  angular 
orientation  generalisation  gradients  at  different  wavelength  values  (Fig. 
10B)  all  shew  suppression  of  responding  to  120°,  the  $-  in  discrimination 
training,  and  to  30°  and  150s.    In  comparison  with  angular  orientation 
gradients  obtained  before  discrimination  training  (Ffg.  6B  and  7B),  slopes 
between  90°  and  120°  are  much  steeper,  and  there  is  greater  responding 
to  60°  than  to  120s.    j»  addition,  the  gradient  at  530  Mu  is  flatter  between 
90°  and  60®  than  gradients  at  other  wavelength  values. 

Mean  total  responses  on  both  days  of  testing  are  plotted  as  a 
function  of  wavelength  for  different  values  of  angular  orientation  in 
Fig.  10 A.   Response  rates  to  30°,  120®  and  ISO®  are  markedly  suppressed 
so  that  generalisation  gradients  are  found  only  si  60°  and  90®.  Both 
gradients  are  asymmetrical  in  the  same  direction  as  wavelength  gradients 
obtained  prior  to  discrimination  training  (Fig.  6A  and  7 Aft  response  rates 
to  560  and  570  Mu  are  greater  than  response  rates  to  540  and  530  Mp, 
respectively.   Also,  response  rates  to  wavelength  stimuli  below  550  Mu  are 
inversely  related  to  distance  from  550  Mu,  while  response  rates  to  570  Mu 
are  slightly  .higher  than  response  rates  to  560  Mp. 


ANGULAR  ORIENTATION  IN  DEGREES 
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Generalisation  following  wavelength-angular  orientation  discrimin- 
ation:   {Tables  IS  and  19,  Appendix)    Mean  total  responses  of  nine  5s 
summed  over  both  days  of  generalisation  testing  following  wavelength* 
angular  orientation  discrimination  training  are  shown  in  Fig.  11. 
Averaged  angular  orientation  generalisation  gradients  (Fig.  115)  are 
quite  similar  to  those  obtained  following  angular  orientation  discrimination 
(Jig.  10B);  there  is  almost  complete  suppression  of  responding  to  120°, 
150°,  and  30°,    All  gradients  show  peaks  ol  responding  at  90°  and 
higher  response  rates  to  6C*>  than  to  120®.    in  addition,  gradients  at 
530,  560  and  570  Mu  are  noticeably  flatter  than  gradients  at  540  and 
550  Mn. 

Mean  total  responses  on  both  days  ol  generalisation  testing  are 
plotted  as  a  function  o£  wavelength  with  angular  orientation  as  a  parameter 
in  Fig.  UA.    Since  response  rates  to  30°  and  150°  are  markedly 
suppressed,  the  only  wavelength  gradients  are  at  90°,  60°  and  120°. 
These  gradients  are  noticeably  different  frosa  those  obtained  following 
wavelength  discrimination  training  (Fig.  f  A)|  gradients  at  60°  and  90° 
peak  at  550  Mn,  and  the  gradient  at  120°  peaks  at  540  M».  However, 
the  differences  in  response  rates  to  550  and  540  Mp  at  60°  and  120°  are 
small,   fa  addition,  the  gradients  at  60°  and  90°  show  much  less 
response  suppression  to  560       (the  wavelength  S~"  in  discrimination 
training)  than  do  post-wavelength  discrimination  gradients.  Response 
suppression  to  560  &£u  is  also  noticeably  less  than  response  suppression 
to  120°  (the  angular  orientation  S~  in  discrimination  training)  (Fig.  UB). 


Fig.  St,    Gradients  obtained  following  wavelength* 

angular  orientation  diacrimitiatlim  (Group  TOTC)* 
A.  Wavetengin  gradients  at.  different  angular 
orientation  values.    B.  Angular  orientation 
gradients  at  different  wavelength  values. 
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Mean  response  rate®  to  120°  at  all  levels  of  wavelength  are  9, 8,  while 
mean  response  rates  to  560  Mp.  at  all  levels  of  angular  orientation  are 
30. 8. 

Predictions  of  post-discrimination  generalisation  in  two  dimensions; 
The  standard  error  of  the  estimate  was  used  to  measure  accuracy  of 
predictions  on  post-discrimination  generalisation  tests.  Considering 
first  response  rates  on  generalisation  tests  following  wavelength 
discrimination*  {Table  14,  Appendix),  the  standard  qttot  for  the 
Discrimination  Hypothesis  is  25. 1,  while  the  standard  error  for  the 
Multiplicative  Hypothesis  is  10.4.   In  regard  to  the  direction  of  prediction 
error  a,  12  of  the  16  mean  response  rates  are  underpredicted  by  the 
Discrimination  Hypothesis,  while  only  seven  of  the  16  ssean  response 
rates  are  underpredieted  fey  the  Multiplicative  Hypothesis. 

The  16  mean  response  rates  to  be  predicted  were  divided  into  two 
groups:  eight  low  response  rates  (response  rates  to  560  and  570  M»)  and 
eight  high  response  rates  (response  rates  to  530  and  550  Mp).   For  low 
response  rates,  the  standard  error  for  the  Discrimination  Hypothesis  Is 
6.  3,  while  the  standard  error  for  the  Multiplicative  Hypothesis  is  6. 0. 
It  is  noted  that  the  value  of  the  standard  error  for  the  Discrimination 
Hypothesis  ia  much  smaller  than  the  value  found  in  pre -discrimination 
generalisation.    This  change  can  be  accounted  for  by  the  fact  that  mean 

^Predicted  response  rates  were  computed  using  540  Mu-90°,  where  the 
mean  peak  of  responding  was  located,  as  the  S**" .    In  computations  of  pre* 
dieted  response  rates  in  other  generalization  tests,  the  mean  peak  of 
responding  was  located  at  the  true  S*,  550  Mn*90°. 


obtained  response  rates  to  these  stimuli  are  quite  small  (3. 9}  following 
wavelength  discrimination,  and  mean  response  rates  to  these  stimuli 
predicted  by  the  Discrimination  Hypothesis  are  all  zero.   While  the 
Discrimination  Hypothesis  underpredicts  six  of  the  eight  low  response 
rates,  the  Multiplicative  Hypothesis  over  predict  a  seven  of  these  eight 

For  high  response  rates,  the  standard  error  for  the  Discrimination 
Hypothesis  is  1 39. 9,  and  the  standard  error  for  the  Multiplicative 
Hypothesis  is  36.  3.    Thus,  differences  in  overall  predictions  of  the  two 
hypotheses  are  accounted  for  in  terms  of  predictions  of  high  response 
rates.   The  Discrimination  Hypothesis  oaderpredicts  six  of  these  eight 
response  rates,  while  the  Multiplicative  Hypothesis  over  predicts  live  of 

On  generalisation  tests  following  discrimination  of  angular 
orientation  differences  (Table  17,  Appendix),  the  standard  error  for  the 
Discrimination  Hypothesis  is  14, 0,  while  the  standard  error  for  the 
Multiplicative  Hypothesis  is  10.2,    The  Discrimination  Hypothesis  under- 
predicts  15  of  the  16  response  rates,  while  the  Multiplicative  Hypothesis 
underpredtcts  only  seven  of  the  16  response  rates. 

For  the  eight  low  response  rates  (response  rates  to  stimuli  in- 
cluding 30°  and  150°),  the  standard  error  for  the  Discrimination 
Hypothesis  is  2.  S,  while  the  standard  error  for  the  Multiplicative 
Hypothesis  is  .  S.     The  small  size  of  the  standard  error  for  the  Discrimin- 
ation Hypothesis  is  accounted  for  by  the  fact  that  mean  obtained  low 


response  rates  are  quite  snsail  (1.2),  and  mean  response  rates  predicted 
by  the  Discrimination*  Hypothesis  are  all  zero.    While  the  Discrimination 
Hypothesis  underpredicts  seven  of  these  eight  mean  response  rates,  the 
Multiplicative  Hypothesis  under  predicts  only  lour  of  these  eight  response 
rates.    For  the  eight  high  response  rates  {response  rates  to  stimuli  in- 
cluding 60°  and  128°),  the  standard  error  lor  the  Discrimination 
Hypothesis  is  20.  3#  while  the  standard  error  for  the  Multiplicative 
Hypothesis  is  14. 8.     The  Discrimination  Hypothesis  under  predicts  seven 
of  these  eight  response  rates,  while  the  Multiplicative  Hypothesis  under- 
predicts  only  three  of  these  eight  response  rates.    Thus,  predictions  o£ 
high  response  rates  lor  the  most  part  account  for  differences  in  overall 
predictions  of  the  two  hypotheses. 

On  generalization  tests  following  discrimination  of  wavelength  and 
angular  orientation  differences  (Table  20,  Appendix.},  the  standard  error 
for  the  Discrimination  Hypothesis  is  24. 2,  while  the  standard  error  for  the 
Multiplicative  Hypothesis  is  5.  2,     The  BiscriEsination  Hypothesis  under- 
predicts  13  of  the  16  naean  response  rates ,  while  the  Multiplicative 
Hypothesis  overpredicts  13  of  the  16  mean  response  rates. 

The  Discrimination  Hypothesis  predicts  low  mean  response  rates 
(response  rates  to  stimuli  including  30°  and  150°)  with  a  standard  error 
of  1.9,  while  the  Multiplicative  Hypothesis  predicts  the  same  response 
rates  with  a  standard  error  of  2. 5,     The  very  small  standard  error  for 
the  Discrimination  Hypothesis  is  accounted  for  by  the  fact  that,  in  every 
case,  values  predicted  by  this  hypothesis  are  zero,  and  mean  obtained 
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low  response  rales  average  .  9.   While  the  Discrimination  Hypothesis 
underpredicts  seven  of  these  eight  values,  the  Multiplicative  Hypothesis 
overpredicts  seven  of  the  eight  values* 

The  .Discrimination  Hypothesis  predicts  high  mean  response  rates 
(response  rates  to  stimuli  including  60°  and  120°)  with  a  standard  error 
el  35. 6,  while  the  Multiplicative  Hypothesis  predicts  the  same  response 
rates  with  a  staatiard  error  of  ?.  2.    Thus,  the  smaller  overall  standard 
error  for  the  Multiplicative  Hypothesis  is  accounted  for  in  terms  of 
predicted  high  response  rates.    The  Discrimination  Hypothesis  under - 
predicts  all  eight  of  these  response  rates,  while  the  Multiplicative 
Hypothesis  overpredict®  sis  of  the  eight  values. 

Changes  in  stimulus  generalisation  aloag  the  undiscriminated 
dimension-:    Changes  in  stimulus  generalisation  gradients  along  previously 
discriminated  dimensions  have  been  described  above,   it  is  also  possible 
to  determine  whether  any  changes  take  place  in  stimulus  generalisation 
along  a  previously  undiscriminated  dimension.   In  Fig.  12 A,  angular 
orientation  generalisation  gradients  before  and  after  wavelength  discrimin- 
ation are  compared.    Both  gradients  contain  mean  total  responses  of 
Group  TC-C  Ss  to  angular  orientation  stimuli  summed  over  ail  wavelength 
values.  It  is  seen  that  following  wavelength  discrimination*  the  angular 
orientation  gradient  is  raised  at  90°  and  is  steepened  on  both  sides. 

Wavelength  generalisation  gradients  before  and  after  angular 
orientation  discrimination  are  compared  in  Fig.  12B.    Both  gradients 
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contain  mean  total  responses  of  Gvmp  TOT  3s  to  wavelength  stimuli 
summed  over  all  angular  orientation  values*   The  wavelength  gradient 
obtained  following  angular  orientation  discrimination  is  raised  at  550  Mu 
and  Is  steeper  than  the  pre •  discrimination  gradient  at  values  below 
SSa  Hu  and  at  56€  &|.  if f    j;5  bturevsgj  the  p©ai^*crimteaiioD 

gradient  rises. 


Time  results  of  the  first  part  of  Experiment  $  provide  a  clear  anew 
to  the  question  of  the  difference  between  stimulus  generalisation  along  o 
and  two  dimensions*   Mean  response  rates  to  stimuli  differing  to  a 
specified  extent  along  the  wavelength  and  angular  orientation  dimension! 
were  consistently  less  than  mean  response  rates  to  stimuli  differing  to 
the  came  extent  1st  each  dimension  alone*   This  finding  is  in  agreement 
with  the  results  of  other  studies  of  generalised  instrumental  responses 
to  stimuli  varying  in  one  and  two  or  more  dimensions     (Fink  It  Pattoa, 
195 If  White,  1958). 

Concerning  the  ssecoad  major  aim  of  this  study*  a  description  of  ti 
quantitative  relationship  between  response  rates  to  stimuli  varying  in 
one  and  in  two  dimensions,  the  results  of  the  first  part  of  Experiment  3 
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are  la  closer  agreement  with  the  predictions  of  the  Multiplicative 
Hypothesis  than  with  predictions  of  the  IHecrimiaatioa  Hypothesis,  which 
under  predicted  the  majority  of  mean  re  spouse  rates. 

It  is  evident  that  the  Multiplicative  Hypothesis  not  only  leads  to 
more  accurate  predictions  thaa  the  Di sc rimiaaiioa  Hypothesis,  bat  also 
that  these  predictions  are  quite  accurate  in  absolute  terms.   In  a  range 
of  response  rates  from  If  to  92,  the  overall  standard  error  of  the  esti* 
mate  computed  from  the  Multiplicative  Hypothesis  was  9. 4;  and  three* 
fourths  of  the  predictions  fall  within  this  margin  of  error.   This  finding 
confirms  the  results  ol  a  previous  exploratory  study  in  which  predictions 
of  the  Multiplicative  Hypothesis  were  also  in  close  agreement  with 
obtained  response  rates  (Butter  &  Gattman,  19$S)«    Furthermore,  the 
success  of  the  Multiplicative  Hypothesis*  predictions  strengthens  the 
assumptions  upon  which  the  hypothesis  is  based*  th&  moat  important  of 
which  is  that  the  basic  factor  underlying  stimulus  generalization  in  two 
dimensions  is  an  "observing  response  rather  than  summated  generalise 
ation  decrements  which  operate  independently  of  selection  and  observing 
activities.   More  specifically,  it  is  assumed  that  S  observes  changes  in 
the  training  stimulus,  and  that  the  probability  of  such  observations  in* 
creases  as  the  physical  distance  from  the  training  stimulus  increases  along 
some  specified  dimension.   When  the  stimulus  is  varied  m  more  than  one 
dimension,  the  probabilities  of  observing  a  stimulus  change  in  each 
dimension  alone  can  be  combined  as  independent  but  not  mutually  exclusive 
events  In  order  to  determine  the  probability  of  observing  stimulus  changes 


in  both  dimension** 

The  validation  of  the  Multiplicative  Hypothesis  suggests  that  the 
concept  of  an  observing  response  may  be  applied  to  the  analysis  of 
stimulus  generalization  as  well  as  discrimination  learning  CWyckoff,  1952)* 
Also  the  concept  presented  here  is  similar  to  that  ofVTS  (Mueosinger 
&  Gentry,  1931;  Tolman,  1938)  in  respect  to  its  function  of  "isolating" 
and  selecting  stimuli  in  the  presence  oi  which  an  appropriate  response 
may  be  made.   However,  while  the  observing  response  and  VTE 
behavior  have  been  treated  as  empirical  dependent  variables,  the  con* 
cept  presented  in  this  study  has  the  status  of  an  intervening  variable 
whose  function  is  to  explain  generalisation  phenomena. 

While  the  Multiplicative  Hypothesis  predicts  response  rates 
reasonably  well  and  within  smaller  limits  of  error  than  does  the  Discrimin- 
ation Hypothesis,  other  aspects  of  the  predictions  remain  to  be  discussed. 
It  was  found  that  predictions  of  low  response  rates  are  less  accurate  than 
predictions  of  high  response  rates.    This  difference  in  predictions  can  be 
explained  as  an  artifact  of  the  method  of  multiplying  response  proba- 
bilities.   Assuming  that  the  measurement  error  is  always  the  same  for 
these  response  probabilities,  then  the  error  in  the  product  of  any  two  of 
them  is  proportional  to  the  size  of  the  probabilities  which  are  multiplied. 
Thus,  the  product  of  large  response  probabilities  will  contain  proportionally 
more  error  than  the  product  of  small  response  probabilities. 

It  was  also  found  that  the  Multiplicative  Hypothesis  overpredicts 
three-fourths  of  high  mean  response  rates.   Although  there  is  no  reason- 
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aide  explanation  for  this  fact,  it  suggests  that  the  inverse  relationship 
between  probability  of  a  pecking  response  and  probability  of  an  observing 
response  is  not  linear  but,  rather,  as  the  probability  of  an  observing 
response  decreases,  the  probability  of  a  pecking  response  increases  at 
a  faster  rate.   Thus,  lor  a  given  probability  of  pecking  response,  the 
probability  of  an  observing  response  should  be  lower  than  is  estimated 
by  the  assumed  linear  relationship  between  the  two  variables. 

Comparison  of  generalisation  gradients  obtained  in  Experiment  3 
with  those  obtained  in  Experiments!  and  2  discloses  some  effect  of 
stimulus  variation  in  one  dimension  on  generalisation  in  a  second  dimension. 
Response  rates  to  wavelength  stimuli  were  not  changed  by  variations  in 
angular  orientation.   However,  response  rates  to  two  smg&iar  orientation 
stimuli  (30°  and  150°)  were  higher  when  variations  in  wavelength  were 
present  (Exp.  3)  than  when  no  wavelength  variations  were  present  (J£xp.  I). 
This  finding  indicates  that  observing  responses  to  stimuli  changed  in  either 
dimension  are  not  always  independent,  but  that  conditional  probabilities  of 
one  observing  response  given  a  second  observing  response  may  have  to  be 
taken  into  consideration  under  some  conditions.   The  above  results  suggest 
that  observing  responses  having  high  probability  {u  e. ,  those  resulting  in 
low  response  rates)  are  more  readily  influenced  by  other  observing 
responses.   However,  the  Multiplicative  Hypothesis1  standard  error  for 
low  response  rates  (response  rates  to  stimuli  including  30°  and  150°)  was 
quite  small  (2. 7).    It  is  thus  unlikely  that  such  conditional  probabilities 
had  a  marked  influence  upon  predictions. 
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Predictions  of  response  rates  in  post-discrimination  generalization 
were,  in  general,  similar  to  those  discussed  above.   Ail  overall  pre- 
dictions of  the  Multiplicative  Hypothesis  were  more  accurate  than  those  of 
the  Discrimination  Hypothesis,  which  underpredicted  the  majority  of 
response  rates.   Also,  the  Multiplicative  Hypothesis  predicted  low  response 
rates  with  grmt&r  accuracy  than  it  did  high  response  rates,  which  are,  for 
the  most  part,  overpredicted. 

However,  in  post-discrimination  generalisation,  the  greater  accuracy 
of  the  Multiplicative  Hypothesis'  predictions  is  accounted  for  mainly  by 
predictions  of  high  response  rates  and  not,  as  in  pre  « discrimination 
generalization,  by  predictions  of  low  response  rates.    The  lack  of 
differential  prediction  errors  for  low  response  rates  can  be  attributed  to 
spuriously  low  standard  errors  for  the  Discrimination  Hypothesis.  Mean 
obtained  low  response  rates  are  all  extremely  small,  and  mean  response 
rates  predicted  by  the  .Discrimination  Hypothesis  are  in  all  instances  zero. 
Thus,  the  Discrimination  Hypothesis  fails  to  make  differential  predictions 
of  low  response  rates.    Whenever  the  sum  of  generalisation  decrements  to 
two  single  stimulus  changes  is  1 00%  or  more,  the  Discrimination  Hypothesis 
predicts  zero  response  rate  to  the  combined  double  stimulus  change. 

The  Multiplicative  Hypothesis1  overall  standard  error  on  generalisation 
tests  following  wavelength  discrimination  was  more  than  twice  as  large  as 
its  standard  error  on  pre- discrimination  generalization.    This  large 
standard  error  is  due  mainly  to  overpredlctions  of  response  rates  to  stimuli 
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including  §50  Mu.   No  satisfactory  explanation  lor  these  large  prediction 
error*  is  available.  However,  it  should  be  noted  that  the  peak  shift  from 
530  to  340  Mn  following  wavelength  discrimination  may  be  responsible  for 
complicating  predictions.    The  Multiplicative  Hypothesis*  predictions  in 
other  post-discrimination  generalisation  tests  were  comparable  in  accuracy 
to  predictions  in  pre  •discrimination  generalisation. 

The  selectivity  shown  by  Ss  to  discriminative  stimuli  is  an  interesting 
and  significant;  fact.   On  generalization  tests  following  wav@leagth»*&gutar 
orientation  discrimination  training,  there  was  much  less  response 
suppression  to  the  wavelength  component  S"~  than  there  was  to  the  angular 
orientation  component  S~".    Following  wavelength  discrimination  training, 
response  suppression  to  the  same  wavelength  5~~  alone  was  much  greater. 
These  results  support  an  observing  response  analysis  which  assumes  that 
discrimiaable  differences  in  stimuli  do  not  necessarily  affect  Ss*  response 
rates  equally,  but  that  5s  actively  select  and  observe  some  stimulus 
differences  more  than  others.   Other  evidence  for  the  selectivity  of  stimuli 
in  discrimination  training  is  given  by  Warren  (1954).    in  this  study, 
monkeys  were  trained  to  discriminate  objects  differing  in  form,  color  and 
sisse.   Performance  in  subsequent  tests  was  worse  when  color  differences 
were  eliminated  than  when  sise  or  form  differences  between  objects  were 
eliminated.    The  results  of  the  present  study  suggest  that  the  selection  of 
discriminative  stimuli  is  determined  by  the  amount  of  generalisation 
decrement  between  the  stimuli  in  prior  generalisation  testing.   The  generali- 
sation decrement  between  angular  orientation  stimuli  employed  in  discrimin- 
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atioo  training  was  significantly  greater  than  the  generalisation  decrement 
between  wavelength  stimuli  employed  in  discrimination  training. 

The  finding  that  discrimination  learning  involving  stimuli  differing 
in  two  dimensions  was  faster  than  discrimination  learning  involving 
stimuli  differing  in  each  dimension  alone  is  in  agreement  with  the  results 
«l  several  past  experiments  {Harlow,  1945;  Eninger,  1952;  Warren,  1953). 
Since  the  physical  differences  between  discriminative  stimuli  were  not 
varied,  it  is  not  possible  to  determine  the  range  of  stimuli  over  which  the 
addition  of  stimulus  differences  facilitates  learning. 

Changes  in  wavelength  generalisation  gradients  following  wavelength 
discrimination  training  are  similar  to  those  reported  in  a  previous  study 
using  a  fully  illuminated  key  (Hanson,  1956),   Response  rates  in  the  region 
of  the  $~~  are  suppressed,  the  slope  between      and  5    is  steepened,  and 
responding  is  displaced  to  wavelength  stimuli  to  the  side  of  3^ opposite 
$~\    Hanson's  function  relating  modal  peak  displacement  to  S*~  •  $~~ 
difference  predicts  a  peak  displacement  of  approximately  1 1  hip.  for  the 
S**-*  S~  difference  used  in  the  present  study.   The  modal  peak  displacement 
obtained  in  the  present  study  was  10  Kip.    It  Is  thus  interesting  to  note 
that  when  the  total  area  of  the  monochromatic  light  is  reduced  by  approxi- 
mately 90%,  post-discrimination  generalisation  gradients  are  not  markedly 
changed.   However,  it  was  also  found  that  the  wavelength  generalization 
gradient  obtained  in  Experiment  1  had  a  broader  slope  than  the  wavelength 
gradient  obtained  with  the  full  key  illuminated  by  monochromatic  light 
{Honig,  Thomas  h  King,  in  press).    In  terms  of  the  analysis  of  stimulus 
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generalization  presented  previously,  this  result  suggests  that  the  total 
area  of  the  external  stimulus  is  a  variable  which  determines  the 
probability  of  an  observing  response  following  single  stimulus  training. 
Under  these  conditions,  when  the  total  area  of  the  external  stimulus  is 
reduced,  the  probability  of  an  observing  response  decreases,  and  a 
broader  generalisation  gradient  is  obtained. 

Angular  orientation  generalization  gradients  following  discrimination 
of  angular  orientation  stimuli  are  similar  to  those  reported  previously  in 
an  experiment  using  a  band  of  white  light  (Butter  h  Ctottman,  195? )• 
There  is  marked  response  suppression  in  the  region  of  the  S~,  the  slope 
between  S^  and  S~~  is  steepened,  and  responding  is  displaced  to  stimuli 
away  from  the  ST% 

It  was  also  found  that  generalization  gradients  along  one  dimension 
are  raised  at  the  peak  and  steepened  following  discrimination  training 
between  stimuli  differing  along  a  second  dimension.   This  finding  is  open 
to  two  interpretations.   These  changes  in  generalisation  may  be  attributed 
to  the  effects  of  prior  discrimination  training.   This  interpretation  is  con- 
sistent with  Reinhold  and  Perkin*s  (1955)  finding  that  the  slope  of  a  generali- 
sation gradient  along  one  dimension  is  steepened  following  discrimination 
training  between  stimuli  differing  along  a  second  dimension.   On  the  other 
hand,  the  generalisation  changes  found  in  the  present  study  may  be  a  con- 
sequence of  discriminations  developed  along  the  same  dimension  in  prior 
generalisation  testing.   Since  the  present  study  did  not  include  controls  for 

the  possible  effects  of  this  factor,  it  is  not  possible  to  decide  between  these 
two  alternatives. 
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Chapter  VU 
SUMMARY  AND  CONCLUSIONS 


The  purpose  of  this  study  was  {I)  to  compare  response  rates  to 
stimuli  differing  from  the  training  stimulus  in  one  and  in  two  dimensions 
and  (2)  to  describe  the  quantitative  relationship  between  response  rates 
to  these  two  kinds  of  stimuli.   Two  alternative  hypotheses  concerning 
this  quantitative  relationship  are  presented*    The  first,  the  Discrimination 
Hypothesis,  assumes  that  when  a  stimulus  is  changed  in  two  dimensions 
the  number  of  j.  n«  d«  steps  taken  in  each  dimension  alone  are  added. 
This  hypothesis  predicts  that  the  generalization  decrement  resulting  from 
a  stimulus  changed  in  two  dimensions  equals  the  sum  of  generalisation 
decrements  in  each  dimension  alone.    The  second  hypothesis,  the 
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Multiplicative  Hypothesis,  a&sumes  that  observing  responses  are  made  to 
stimali  changed  by  some  discriiniaahle  amount.   By  combining  proba* 
bilities  ol  observing  responsae  to  stimuli  chatsgeti  Is  each  dimension  atom 
the  Multiplicative  Hypothesis  predicts  that  the  probability  of  a  peckiag 
response  to  a  stimulus  changed  in  beta  dimensions  is  the  product  of  pecku 
response  probabilities  to  stimuli  changed  in  each  dimension  alone. 

The  S*»  If  White  C&r&esu  pigeons,  were  trained  to  gseek  at  a  key 
illuminated  by  a  narrow  band  of  monochromatic  light.   £a  subsequent 
geMralisation  tests,  m  were  presented  with  aU  combinations  of  five  valw 
of  wavelength  and  Ave  values  of  angular  orientation  of  tbe  band  of  Ug&t 
<£xp*  S). 

Mean  response  rates  to  stimuli  differing  in  both  dimensions  from 
the  training  stimulus  were  consistently  lower  than  mean  response  rates 
to  stimuli  differing  in  each  dimension  alone*   This  finding  is  consistent 
with  the  results  of  past  experiments  of  stimulus  generalisation  in  one  and 
several  dimensions  (Fink  &  Fatten*  1953;  WMtef  1?58). 

The  Multiplicative  Hypothesis  predicted  response  rates  to  stimuli 
varying  in  two  dimensions  with  a  fairly  high  degree  of  accuracy,  while 
predictions  of  the  Discrimination  Hypothesis  showed  larger  errors.  It 
was  also  found  that  the  majority  of  Multiplicative  Hypothesis*  prediction 
errors  were  over  predictions.   This  finding  suggests  that  the  assumed 
relationship  between  observing  response  probability  and  pecking  reopens 
probability  is  incorrect,  and  appropriate  changes  in  the  relationship  were 


7;77  v.7:i7\>  ■  ::t;;{.V  ■;.{■;■:.!■  '7©7 

V  .:■      '    >*pv  77  77":;  • 

,^:*77;':As  *7*4.s 
';■=, ;  ,  ^%v;.^rM7  77- 7  ^ 

«l  a  v;'^-  '  77^7  77  V.r;i-:v<'."i:';jf.'..^ 

'         v-fe^Fv:;  /,^777i7,:;   7j?7?7     '  W  - 

77;      .J..-?1.;,  L--wy..  • 

7.77-:  ^'.^s.!.  ;4.v^,  I",:-     JV;      v  v    7.  7.7.r  , 

7^7-7;:   7-7v,';7' Jfev^,'.  :5*77: 

«7.-y^4:\.    >i;ikTfr.--:v'n;     .77  .oi....:.^^-- 

•*  fe'ifV  :■<;•?/ *7     ^"£:<7 --v  i/'jr'^V-ii-iJ.^-- 

77'7:r:. 7:7.7  7U:i.7,.  >  A.-:-  :  ytsi;:-<\<; v-,. 

'.;:U"'  7;'7      «77  7^.7 
■  :7'TO 


62 

suggested.   Standard  errors  of  the  Multiplicative  Hypothesis'  predictions 
were  larger  for  high  response  rates  than  for  low  response  rates.  This 

-;ta;..  was  explained  a*  pi  artifact  01  |fe«  me&Od  of  computing  pre- 
dictions. 

Two  control  experiments  were  performed  fa  order  to  determine 
whether  response  rates  to  stimuli  changed  in  one  dimension  are  changed 
by  variations  in  a  second  dimension.   In  Experiment  1,  a  wavelength 
generalisation  gradient  obtained  with  constant  angular  orientation  was 
described,  and  in  Experiment  2,  an  angular  orientation  generalization 
gradient  with  constant  wavelength  was  described.    Comparison  of  these 
two  gradients  with  comparable  gradients  obtained  in  Experiment  3  dis- 
closes that  mean  response  rates  to  two  angular  orientation  stimuli  (30° 
and  150°)  are  higher  when  wavelength  variations  are  also  present.  This 
finding  indicates  that,  under  some  conditions,  observing  responses  are 
not  independent. 

In  addition,  the  wavelength  generalisation  gradient  obtained  in 
Experiment  1  had  a  broader  slope  than  a  wavelength  gradient  obtained  with 
the  full  key  illuminated  with  monochromatic  light  (Honig,  Thomas  &  King, 
in  press).    This  finding  was  interpreted  in  terms  of  the  effect  of  total  area 
of  the  external  stimulus  on  the  probability  of  an  observing  response. 

Following  the  completion  of  generalisation  testing,  Ss  in  Experiment 
3  were  divided  into  three  groups.   One  group  was  given  discrimination 
training  involving  stimuli  differing  In  wavelength,  a  second  group  was 
given  discrimination  training  involving  stimuli  differing  in  angular 


s,'^/r  ■  v-siir  v  ,r=  "'  ,"•■£ 

:    ,3                             &t    ■  :v/vi-  ■■;;.■':>»  #  r, 

.■:.VS-:";i.?-.:-  f.'.-v; 

v;- ft.  .<:;Ws. -OvSv  v?.-;.  .d;^ 

-,-^y^;:::,-:                v'^^^vi-^  ,^'/..;- :  •  .,/:;* 
. 


orientation,  and  the  iMrd  group  was  given  discrimination  training  involvis 
stimuli  altering  is  feoth  dimensions.   Discrimination  learning  involving 
stimuli  differing  Is  befit  dimensions  was  faster  than  discrimination  iearni 
involving  stimuli  differing  in  either  dimension  alone.   This  finding  Is 
consistent  with  the  results  of  several  past  experiments  (Harlow,  1945; 
Eninger,  1952;  Warren*  1953)* 

Following  discrimination  training,  ail  St  were  tested  for  stimulus 
g&nQraMz^tou  m  th«  jaa.e    i<:\y^:.-     -  ^ascribed  pre  visual;  *        •   •  ' 
of  mean  response  rates  on  post-discrimination  generalisation  tests  were 
similar  to  those  described  in  pre-discrimiaaiios  generalization  tests* 
Also,  the  Multiplicative  Hypothesis  predicted  low  response  rates  with 
greater  accuracy  than  it  did  high  response  rates.  However,  the  Multi- 
plicative Hypothesis*  overall  standard  error  on  generalisation  tests 
following  wavelength  discrimination  training  wae  much  larger  than  its 
standard  error  in  pre*dlscrim£oatien  generalisation.  It  was  suggested 
that  the  peak  shift  in  generalisation  gradients  following  wavelength 
discrimination  may  have  complicated  predictions. 

The  results  of  generalisation  testing  following  wavelength-angular 
orientation  discrimination  training  indicate  that  Ss  actively  select  some 
stimulus  differences  more  readily  than  others  in  discrimination  training. 
This  finding  is  consistent  with  the  observing  response  analysis  presented 
previously.   The  results  also  suggest  that  the  selection  of  discriminative 
stimuli  is  determined  by  the  amount  of  generalisation  decrement  between 
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Generalisation  gradients  along  the  dimensions  on  which  stimuli  w 
previously  discriminated  war®  similar  to  those  reported  previously 
(Hansen,  1956;  Batter  4  GutSmam,  195?}.    Generalisation  gradients 
along  previously  undiscriminated  dimensions  were  raised  s>t  the  peak  ai 
steepened  at  most  stimulus  values.   Lack  of  appropriate  controls,  how- 
ever* made  it  Impossible  to  determine  the  factor  responsible  for  these 

::'"C,;,  -  . 

It  Is  concluded  that  response  rates  to  stimuli  varied  in  two  dim  en 
are  consistently  lower  tea  response  rates  to  stimuli  varied  in  only  one 
dimension.  Furthermore*  the  Multiplicative  Hypothesis  predicts  quant 
tative  relationships  between  response  rates  under  these  two  sets  of 
conditions  reasonably  *eU«  The  validation  of  the  Multiplicative  Hypotl 
supports  the  assumption  that  a  basic  factor  underlying  stimulus  general 
atlon  is  an  observing  response  by  means  of  which  Ss  selectively  "atten< 
stimuli  changed  by  some  discriminable  amount.  K  is  thus  possible  to  € 
tend  the  observing  response  and  similar  concepts  proposed  within  the 
context  of  discrimination  learning  (Mueaslnger  &  Gentry,  1931;  Telmai 
1933;  Wyckoff,  WZ)  to  stimulus  generalization  phenomena. 

However,  the  results  of  this  study  indicate  that  two  specific 
assumptions  of  the  Multiplicative  Hypothesis  may  be  incorrect.   St  was 
suggested  that  the  function  relating  probability  of  pecking  response  to 
probability  of  observing  response  is  a  negatively  accelerated  decreasin 
one,  rather  than  the  assumed  linear  one.  Also*  the  assumption  of  iade 
pendence  of  observing  response  probabilities  must  be  qualified,  at  leas 
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under  some  condtttettSj  »i  conditional  probabilities  of  one  observing 
response  given  a  second  Observing  response  may  have  to  be  taken  into 
CO--Y0-1  dec. 

The  predictions  of  the  Multiplicative  Hypothesis  are  also  applicable 
to  generalization  in  two  dimensions  following  discrimination  training* 
However,  when  discrimination  training  results  in  marked  shifts  in  the 
distribution  of  response  ratesa  predictions  of  the  Multiplicative  Hypothesis 
are  much  less  accurate. 

The  observing  response  analysis  is  also  applicable  to  discrimination 
learning  involving  stimuli  differing  in  two  dimensions.   Ss*  selection  of 
stimuli  under  these  conditions  appears  to  be  a  function  of  prior  generali- 
zation decrement  between  stimuli,   furthermore*  the  effects  of  reducing 
the  size  of  the  stimulus  In  single  stimulus  training  and  generalisation 
testing  can  be  interpreted  in  terms  of  the  observing  response  analysis. 
Following  discrimination  training,  however,,  this  variable  appears  to  have 
little  or  no  effect  on  stimulus  generalisation.   It  is  also  concluded  that 
discrimination  learning  is  faster  when  the  stimuli  differ  in  two  dimensions 
than  when  they  differ  in  each  dimension  alone. 
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